The phase-dependent modulation of the biceps femoris (BF) tendon jerk reflexes was investigated in a reduced form of walking. All subjects (12) investigated showed tendon reflexes throughout the whole step cycle but the amplitude was largest in the middle and late swing phase of the ipsilateral leg. It is concluded that the normally occurring BF burst at end swing could be due to stretch-induced • • activity.
In the early part o f the first extension (E l) phase the are rapidly stretched through the combined action of knee extension and
In cats stretch evokes a brisk discharge in spindle afferents from the hamstrings [7] . It has been suggested that the normally occurring activation of biceps femoris (BF) at the end of the El phase of the hamstrings originates to a large extent through stretch reflexes from afferent activity o f spindles in the hamstrings [7, 9] .
As in cats, the BF in humans is rapidly stretched during the El phase and there is a large burst of s EMG activity following this stretch [8] . To know the latter activity could originate from stretch would be o f interest to know the amplitude of the To test this hypothesis, the BF tendon reflexes of 12 subjects were obtained during walking. The subjects walked on a treadmill (with separate belts for right and left foot) at a comfortable speed (4 k m /h ). A double force plate was used to provide a record of the force exerted by each leg on the treadmill in order to determine footfall and lift-off. The EMG activity of the BF was recorded by means of surface electrodes. A similar method as described in a previous study [2] was used to elicit the tendon reflexes. The tendon reflexes were elicited by a hammer with a moment arm of 11 cm (weight 90 g). The hammer was : of the driven by a revolving field magnetic motor whole apparatus 950 g; power 120 W) fixed to the back of lower left leg. The hammer was accelerated by the •mg t o f
cycle. For motor to a constant angular velocity of s. A as those elicited by cutaneous stimulation, it
S IS in is known that the part of the swing phase during walking [5] . If the same is true for stretch reflexes then it is unlikely that the BF activation at end swing is reflexly generated. In contrast, it the amplitude o f the stretch reflexes is large in this period then this reinforces the hypothesis of a motion-dependent feedback being involved in the recruitment of the BF at end swing.
were potentiometer located at the motor's axis of rotation indi movement of the hammer. The moment of impact of the hammer at the tendon of the BF could derived from the signal o f the potentiometer. run, the BF tendon reflexes 16 different points in time (equally di vided) of the step cycle (phases). The tendon taps were delivered at a predetermined delay, triggered by the ex erted force of the right leg. Every stimulus condition was presented 10 times.
(total n a corresponding sample without stimulation was U 320 trials occurred in random order. The successive stirnu-the range which corresponds to at least two cycles of unperturbed walking.
Stability of the stimulation conditions was a primary concern for the present study. To reduce changes in the stimulus due to knee movement, the gait of the stimulated leg was reduced as much as possible. This was done by moving only the contralateral belt, so that subjects were able to perform a normal gait with the contralateral leg and hold the ipsilateral leg as stiff as possible ( 'reduced gait', see also [6] ). In this way the maximum knee flexion was reduced from 60°, during normal walking, to about 5°. During reduced gait, the remaining rhythmical contractions on the ipsilateral side were mostly related to the periodic shifts in weight from one side to the other.
From preliminary studies using sural nerve-induced re flexes it appeared that basic features of the phase-depen dent modulation of these reflexes was preserved in this type of gait as compared to normal gait (Duysens, Faist, van de Crommert and Berger, unpublished observations). Hence, we were confident that the basic modulation pat tern of stretch reflexes may be unaltered as well (this was confirmed in one subject). Data were sampled in a time interval starting 100 ms prior to the trigger and lasted for 1600 ms. The EMG was amplified (FM-microvolt amplifier, bandwidth 1-1000 Hz), full-wave rectified, AD-converted (500 Hz) and stored on hard disk along with the other signals (potentiometer of the hammer and force plates).
The 10 different trials of each stimulus or control condition were averaged. To obtain the 'pure' reflex re sponses the averaged control trials were subtracted from the corresponding stimulus trials. Windows were set around the earliest reflex responses. Within this window, the mean EMG-values of the averaged reflex and control activity were calculated for each phase. The resulting data under went both an amplitude and a time normalization proce dure in order to enable a proper intersubject comparison. The tendon jerk responses were present in all subjects investigated and occurred roughly 18 to 24 ms (mean: 21 ± 2 ms) after the moment of impact of the hammer at the tendon of BF. The responses lasted between 8 and 30 ms. The results of subject I are shown in Fig. 1 .
For the amplitude normalization the EMG data were scaled for each muscle to the maximum control value in the step cycle (i.e. the maximum spontaneous activity during walk ing). Some subjects slightly altered the step cycle duration during the experiments in comparison with the trials mea sured prior to the experiments, probably as a consequence o f the hammer's impact. In these cases the predetermined time normalization (16 phases) was not suitable anymore and a new time normalization was made. This was done by rescaling the data within the step cycle duration, as mea sured during the experiments. To determine the mean response of the whole popula tion, the step cycle was subdivided in 15 phases. The responses of the individual subjects were then regrouped into one of these intervals. For each interval the statistical significance of the reflex responses was tested by compar ing them to the corresponding control activity with a Wilcoxon matched-pairs signed-rank test (significance at P < 5% or <1% ).

Subject nr 1; biceps femoris
The quantitative representation o f the tendon jerk re flexes of this subject is presented in Fig. 2A along with  those of the whole population (Fig. 2B) .
For this subject, the tendon jerk reflexes were present throughout most of the step cycle but were clearly most prominent at the end of the swing phase (phase 15). As can be seen in Fig. 2A, the amplitudes acceptance (as first proposed by [1] for running). Presum ably for the same reason the soleus stretch reflexes are at a maximum in this part of the step cycle [10] . The presently studied muscle (BF) is not stretched in early stance but rather at end swing.
The present results show that the amplitude o f the BF tendon jerk reflex is at a maximum near the end of the swing phase, in a period when this muscle is normally very active both during 'reduced' (this study) and normal walk ing [5] . This finding lends support to the hypothesis that activation of this muscle at end swing is at least partly generated through stretch reflexes [7] . Furthermore, the data illustrate that during this critical period, just prior to foot placement, there is a highly differentiated control of : and reflex pathways. In contrast to cutaneous reflexes in BF which are suppressed in this phase during walking [5] , sensibility to cutaneous stimuli are at a maxi mum (subjective judgments of intensity; [4] ). Similarly, the BF stretch reflexes are then largest. This reflex activation can support the basic activation pattern of the BF to ensure appropriate velocity-dependent deceleration of hip flexion and knee extension at the end of the swing phase.
